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Association between Childhood Acute Lymphoblastic
Leukemia and Use of Electrical Appliances during

Pregnancy and Childhood

Elizabeth E. Hatch, Martha S. Linet,! Ruth A. Kleinerman,! Robert E. Tarone,!
Richard K. Severson,? Charleen T. Hartsock,? Carol Haines,* William T. Kaune,’
Dana Friedman,! Leslie L. Robison,? and Sholom Wacholder!

As part of a comprehensive study of residential magnetic field
exposure in nine midwestern and mid-Atlantic states, we eval-
uated the use of appliances by 640 patients with acute lym-
phoblastic leukemia, 0-14 years of age, diagnosed between
1989 and 1993, and 640 matched control children. Mothers
were interviewed regarding use of electrical appliances during
their pregnancy with the subject and the child’s postnatal use.
The risk of acute lymphoblastic leukemia was elevated in
children whose mothers reported use of an electric blanket or
mattress pad during pregnancy [odds ratio (OR) = 1.59; 95%
confidence interval (CI) = 1.11-2.29] but was reduced for use
of sewing machines during pregnancy (OR = 0.76; 95% CI =
0.59-0.98). The risk of acute lymphoblastic leukemia was
increased with children’s use of electric blankets or mattress
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pads (OR = 2.75; 95% CI = 1.52-4.98) and three other
electrical appliances (hair dryers, video machines in arcades,
and video games connected to a television), but the patterns of
risk for duration in years of use and frequency of use were
inconsistent for most appliances used by children. Risks rose
with increasing number of hours per day children spent watch-
ing television, but risks were similar regardless of the usual
distance from the television. The inconsistency in the dose-
response patterns for many appliances, reporting and selection
bias, and the lack of an effect for measured 60 Hertz magnetic
fields or wire codes in our companion study must be considered
before ascribing these associations to exposures from magnetic

fields. (Epidemiology 1998;9:234-245)

case-control study.

Several epidemiologic studies have reported a link be-
tween childhood leukemia and various surrogate mea-
sures of past residential magnetic field exposures from
nearby power lines,’* but none has found persuasive
effects for contemporaneous magnetic field measurements
taken in homes.?® Household electrical appliances can
also contribute to magnetic field exposures. The overall
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contribution of most electrical appliances to whole-body
time-weighted-average exposures is thought to be small,
but appliances may determine the strongest fields to
which people are exposed in their homes.®” Only two
small case-control studies have evaluated appliance use
in relation to the risk of childhood leukemia.*® One
study of 70 childhood leukemia cases and 206 controls in
the Denver area suggested effects for prenatal electric
blanket use,® and a study of 232 childhood leukemia
cases and 232 controls in Los Angeles found associations
with children’s use of hair dryers and black and white
televisions.’

As part of a comprehensive study of residential mag-
netic field exposure and childhood acute lymphoblastic
leukemia (ALL),” we evaluated pregnancy-related and
childhood use of appliances on the basis of mothers'
responses to a detailed questionnaire administered in
their homes. We focused on appliances that were the
most likely to provide the highest sources of magnetic
field exposure (based on typical patterns of use or on
published field levels) and those found to be associated
with risk in previous studies. We also asked about some
appliances that produce only minimal magnetic fields to
examine whether media reports linking magnetic fields
with childhood disease might possibly have influenced




(ep0D 's'N ‘L1 ML) me| ybBLAdoD Ag parosiold aq Aew [eusiep

Epidemiology May 1998, Volume 9 Number 3

mothets’ reporting of past appliance exposure. We did
not attempt to assess exposure from appliances such as
dishwashers, washing machines, and refrigerators, be-
cause we believed it would be virtually impossible to
quantify the amount of time a child spends in close
proximity to these appliances.

Methods

Stupy PopuLATION

Acute lymphoblastic leukemia patients, 0-14 years of
age, diagnosed between 1989 and 1993, were enrolled in
the study through a network of pediatric oncologists
affiliated with the Children’s Cancer Group (CCG).
Subjects were eligible for the magnetic field component
of the study if they lived in Illinois, Indiana, lowa,
Michigan, Minnesota, New Jersey, Ohio, Pennsylvania,
or Wisconsin at the time of diagnosis.!® Controls se-
lected through random digit dialing!! were individually
matched to the cases by age (£25%), the first eight
digits of the telephone number, and race. There were
three separate phases of recruitment for this study. Ini-
tially, 942 eligible cases and 1,232 eligible controls were
identified by the CCG, of whom 900 mothers of cases
(96%) and 973 mothers of controls (75%) completed a
comprehensive telephone interview. Subsequently, we
interviewed 832 cases and 801 controls (98% of cases
and 97% of controls who had participated in the CCG
interview phase and had individual hospital institutional
review board approval for the magnetic field exposure
assessment) by telephone to obtain a complete lifetime
residential history. In-home interviews were completed
for 788 cases and 699 controls. Taking into account
participation during the initial recruitment of cases and
controls by CCG interviewers (96% for cases and 75%
for controls), and participation during the residential
telephone interview phase (98% for cases and 97% for
controls), the final participation rates for the in-person
interview were 88% for cases and 64% for controls.

DaTa COLLECTION

We telephoned mothers to obtain the child’s lifetime
residential history and visited the subject’s home to
measure magnetic fields and to interview mothers about
electrical appliance use and other exposures. As part of
the lifetime residential history, we collected data on the
home heating source (electric, natural gas, or other), air
conditioning, and type of stove (electric vs natural gas)
for each home the subject resided in since conception.
The in-person computer-aided interview contained
questions on mother’s use during pregnancy and child’s
use of electric blankets, mattress pads, heating pads,
water beds, stereo or other sound systems, television
(including watching videotapes) and video games con-
nected to a television, video machines located in ar-
cades, computers, mictowave ovens, sewing machines,
hair dryers, curling irons, ceiling fans, humidifiers, night
lights, and electric clocks. We included séveral potential
“red herring” appliances (stereo systems without head-
sets, night lights, and ceiling fans) unlikely to have
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substantial magnetic field exposures. We felt any poten-
tial recall bias concerning magnetic field exposures
might include all electrical appliances, even those with-
out meaningful magnetic fields.

Mothers were asked about frequency of use, number of
months used, and trimesters of use of specific appliances
during their pregnancy with the subject. We also col-
lected data on the child’s use of appliances before the
reference date, defined as the date of diagnosis for the
acute lymphoblastic leukemia patient and its matched
control, and the age of the child or the year when he/she
started and stopped using the appliance. In a pilot study,
many mothers indicated that they could not provide
accurate information on frequency of use by their child
during earlier years or reported that appliance use did
not vary year by year; therefore, we asked about fre-
quency of use only during the year before the reference
date for most appliances. For three appliances with po-
tentially high exposure to magnetic fields (electric blan-
kets, water beds, and hair dryers), we collected informa-
tion on frequency of use during the last year of use if the
child had stopped using the appliance before the begin-
ning of the reference year. Limited information was also
collected during the initial telephone interview, con-
ducted by CCG interviewers, on mothers’ and children’s
use of electric blankets and water beds.

STATISTICAL ANALYSIS
There were 651 matched paits among the 788 cases and
699 controls who were interviewed. We excluded 11
pairs from the analysis because one member of the pair
(10 acute lymphoblastic leukemia patients, 1 control)
had Down syndrome, which has been linked with an
extremely high risk of acute lymphoblastic leukemia.l2

For each appliance, we attempted to distinguish be-
tween occasional and frequent users. For appliances that
are generally used for several hours at a time, such as
electric blankets and water beds, we collected detailed
information on daily length of time subjects were ex-
posed. The “high”-use group was defined as those who
reported using an electric blanket daily, for 6 or more
hours, for at least 2 months during the year before the
reference date. In contrast, for appliances used for rela-
tively short periods of time, such as hair dryers and
curling irons, we asked whether these appliances were
used daily, at least once per week, or less often, rather
than the average number of minutes of use. Because few
children used hair dryers or curling irons on a daily basis,
we defined the high-use category as use at least weekly
for at least 6 months. For television, we asked about the
average amount watched each day, usual distance from
the television, and characteristics of televisions that
might result in variation in exposure level, such as size,
age, and black and white or color. Because nearly all
children watched television from an early age, we did
not assess duration in years of use.

In general, we did not combine information from
multiple appliances to create an overall estimate of ex-
posure from appliances, as some authors have advocat-
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ed,? owing to the wide variations in patterns of use and
associated magnetic field exposures produced by differ-
ent appliances. We did create a variable for cumulative
time during the reference year that children spent
watching television in close proximity to the appliance
and playing with video games connected to televisions,
because the exposures at similar distances would presum-
ably be the same. Children whose mothers reported that
they usually sat more than 6 feet away did not contribute
any time to this variable. Too few mothers reported use
of electric mattress pads to evaluate this exposure sepa-
rately; therefore, we analyzed mattress pads and electric
blankets together. Results were similar when we ana-
lyzed electric blankets alone or combined with electric
mattress pads; therefore, we report results just for the
combined variable. We also estimated cumulative life-
time exposure to electric blankets by summing estimates
of the number of hours that electric blankets were used
during the pregnancy and during the child’s lifetime.

We computed odds ratios for each appliance for pre-
natal and postnatal use separately. We compared ever- us
never-use, and regular (“high”) use vs occasional use.
We computed duration of use among children based on
the difference between the age stopped and started. For
pregnancy exposure, we also assessed trimester of use, by
comparing any reported use during each trimester with
nonusers, for each appliance. We used stratified and
conditional logistic regression models to assess the ef-
fects of potential confounding or modifying variables.!4
We evaluated trends in risk with increasing years of use
and frequency of use of appliances among exposed sub-
jects only by entering these variables ordinally into the
models. For several appliances, we also created variables
to examine trends in frequency and duration of use
simultaneously. For example, the lowest category for
children’s use of hair dryers consisted of those who
reported less than weekly use for less than 1 year, and the
highest category were those who reported regular (more
than weekly use) for 3 or more years.

We controlled for income and maternal education
simultaneously in all logistic regression models because
of case-control differences in income and education (Ta-
ble 1). We also analyzed the data for each appliance,
stratifying on total household income, maternal educa-
tion, parental age, occupation, smoking habits, type of
dwelling and urbanization, number of siblings, and
whether the child was breast fed. We looked for patterns
according to subjects’ gender, age, and the immunophe-
notype of the cases. Because the contribution of appli-
ances to time-weighted-average magnetic field exposure
may be more important in residences with low exposure
levels,>1¢ we also evaluated risks within five levels of a
summary of exposure to residential magnetic fields,
based primarily on a 24-hour time-weighted average of
magnetic fields taken in the child’s bedroom.” Because
control interviews lagged behind those of cases (Table
1), we stratified the data by the length of time that had
elapsed between the reference and interview dates to
evaluate the consistency of results across the different
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time intervals, and we included this variable in logistic
models.

Results

Over half of the cases (59.4%) and controls (58.5%)
were less than 5 years of age at diagnosis/reference date,
and subjects were predominantly white (Table 1). Cases
had a lower total household family income at diagnosis,
and slightly lower maternal educational attainment.
Mothers’ occupational categories were similarly distrib-
uted for cases and controls, but a somewhat larger pro-
portion of case than control fathers reported a blue
collar occupation at the reference date. Seventy-four per
cent of cases were interviewed within 2 years of diagno-
sis, in contrast to 48% of controls.

MortHERS’ USE OF APPLIANCES DURING PREGNANCY

Small excess risks of acute lymphoblastic leukemia were
seen among offspring of mothers who reported ever using
electric blankets or mattress pads, heating pads, and
humidifiers during pregnancy, but there was no trend
with increasing risk by frequency of use of electric blan-
kets and heating pads. For humidifiets, only infrequent,
nonregular use was associated with an excess risk (Table
2). We observed no important association for time spent
watching television during pregnancy, and little indica-
tion of an effect for distance from the television. We
noted reduced risks among mothers who reported ever
using a sewing machine or listening to a stereo system
without a headset during the index pregnancy. Acute
lymphoblastic leukemia was not associated with use of
water beds, hair dryers, curling irons, electric clocks,
microwave ovens, ceiling fans, sound systems with head-
sets, electric stoves, electric heat, or air conditioning
during pregnancy.

For most appliances, there was little variation in
mothers’ reported pattern of use by trimester, and there-
fore few differences in risk by trimester could be assessed.
Exceptions were electric blankets, which tend to be used
seasonally, and heating pads, which may be used sporad-
ically for specific problems. We found little association
between acute lymphoblastic leukemia and use of an
electric blanket during the first trimester (OR = 1.20;
95% CI = 0.72-2.01), whereas use during the second
(OR = 1.91; 95% CI = 1.16-3.14) and third (OR =
1.74; 95% CI = 1.05-2.88) trimesters was associated
with increased risk compared with nonuse. In contrast,
there was a comparatively strong association between
reported use of heating pads during the first trimester
(OR = 1.93; 95% CI = 1.03-3.63) but not during the
second (OR = 1.21; 95% CI = 0.74-2.26) or third
trimesters (OR = 1.18; 95% CI = 0.74-1.88).

We compared the responses to the questions on ma-
ternal use of electric blankets from the initial CCG
telephone interview with results of our in-person inter-
view {Table 3). The consistency of responses was poor;
however, there was no marked difference between the
proportion of case and control mothers who responded
differently during the two interviews. The effect on
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TABLE 1. Characteristics of Matched Cases and Controls with Interview Data on Electrical Appliances*

Cases Controls
Characteristics Number % Number %
Gender
Male 333 52.0 337 52.7
Female 307 48.0 303 47.3
Age (years) at diagnosisfreference date
<2 68 10.6 85 13.3
24 312 48.8 - 289 45.2
5-9 179 28.0 185 28.9
=10 81 12.7 - 81 12.7
Race
White 585 91.4 612 95.6
Black 20 3.1 16 2.5
Other 35 55 12 1.9
Income during reference year
<$20,000 113 17.7 7 12.0
$20,000-$29,999 122 19.1 86 13.4
$30,000-$39,999 133 20.8 112 17.5
$40,000-$49,999 98 15.3 105 16.4
=$50,000 168 26.3 255 39.8
Missing 6 0.9 5 0.8
Mother’s education
< High school 517 8.9 30 4.7
High school 220 344 224 35.0
Some college 210 32.8 199 311
College graduate 153 239 187 29.2
Mother’s occupation
Professional 131 20.5 148 23.1
White collar 156 244 172 26.9
Blue collar 45 7.0 29 45
Housewife 308 48.1 291 455
Fathet’s occupation
Professional 190 29.7 200 313
White collar 103 16.1 119 18.6
Blue collar 285 44.5 240 375
Missing 62 9.7 81 12.7
Urbanization
Urban 169 26.4 136 21.3
Suburban 271 423 293 45.8
Rural 200 313 210 32.8
Months between reference date and interview
12 86 13.4 3 0.5
13-18 256 40.0 107 16.7
19-24 134 209 196 30.6
25-36 129 20.2 238 37.2
=37 35 5.5 96 15.0

* Excludes 11 pairs in which one member of the pair had Down syndrome.

acute lymphoblastic leukemia in relation to mothers’ use
of electric blankets as reported during the initial CCG
interview was slightly smaller (OR = 1.43; 95% CI =
0.99-2.05) than that based on the subsequent in-person
interview (OR = 1.58; 95% CI = 1.08-2.31). Never-
theless, when we limited the analysis to those who
responded consistently in the two interviews, the effect
was virtually identical to that calculated from the Na-
tional Cancer Institute/CCG in-person interview data
(OR = 1.59; 95% CI = 1.02-2.47). We also computed
acute lymphoblastic leukemia risks in relation to mater-
nal electric blanket use reported in the initial interview,
including subjects who subsequently refused to partici-
pate in the electromagnetic field component of the

study, and found that the results were virtually un-
changed (OR = 1.40; 95% CI = 0.99-1.98), based on
768 matched paits.

CHILDREN’S USE OF APPLIANCES

When we examined any use before the reference date,
four appliances (electric blankets, hair dryers, video ma-
chines in arcades, and video games connected to a
television) were associated with increased risks of child-
hood acute lymphoblastic leukemia, and two (sound
systems with headsets and video machines in arcades)
had increasing risks as duration of use rose (Table 4). For
electric blankets and hair dryers, there was no clear
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TABLE 2. Distribution of Cases and Controls by Use of Appliances during Pregnancy and Odds Ratios' and 95%
Confidence Intervals from Matched Analyses
Cases Controls OR 95% CI
Bedroom appliances
Electric blanket/mattress pad

Never used 547 579 1.00

Ever used 91 61 1.59 1.11-2.29
< Weekly 6 5 1.61 0.46-5.65
<6 hours/day or <2 months 37 27 1.52 0.89-2.60 ‘
=6 hours/day for =2 months 47 29 1.63 0.99-2.68 |

Water bed ‘

Never used} 483 476 1.00

Ever used 157 164 0.90 0.67-1.21
<6 hours/day or <6 months 29 28 0.89 0.51-1.55
=6 hours/day for =6 months 127 136 0.89 0.65-1.23

Heating pad

Never usedf 555 578 : 1.00

Ever used 82 60 1.46 1.00-2.13
< Weekly 40 29 1.44 0.85-2.43

= > Weekly £ 30 152 0.91-2.53

[5)

3 Humidifier

D Never usedf 532 561 1.00

3 Ever used 107 79 1.42 1.01-1.98

2 < Daily or <3 months 65 39 1.86 1.16-2.97

o Daily for =3 months 42 40 1.06 0.66-1.71

[v]

g Electric clock

% Never used or not within 3 feetk 152 139 1.00

Q Digital display 424 429 0.98 0.73-1.31

e Dial display 61 67 0.81 0.52-1.28

g Personal care appliances

8 Hair dryer f

Z Never used? 81 79 1.00 i [

= Ever used 559 559 1.14 0.80-1.61 ;

= < Daily or <6 months 303 322 1.04 0.72-1.51

5 Daily for =6 months 254 236 1.28 0.88-1.87

H

= Cutling iron

= Never used? 230 233 1.00 )

@ Ever used 409 406 1.06 0.83-1.36

i < Daily or <6 months 202 192 1.08 0.81-1.43

c Daily for =26 months 206 213 1.06 0.80-1.42

g Kitchen appliances

o Microwave oven

S Never used$ 242 221 1.00

=~ Ever used 396 419 0.89 0.66-1.21
< Daily 94 109 0.81 0.56-1.19
Once/day 172 187 0.89 0.63-1.25
> Once/day 130 123 1.00 0.69-1.45

Electric stove§

Not 241 232 1.00

Yes 291 304 0.98 0.74-1.30

Missing 108 104

Entertainmentfother appliances
Stereo system

Never usedf 142 124 1.00

Ever used 498 516 0.81 0.61-1.07
< Daily or <6 months 389 389 0.87 0.65-1.17
Daily for =6 months 108 126 0.66 0.45-0.95

Sound system with headset

Never usedi 573 577 1.00

Ever used 66 63 0.93 0.63-1.37
< Weekly or <9 months 52 51 091 0.59-1.40
= Weekly for 29 months 14 12 1.00 0.44-2.26

Television :

Time spent watching during index pregnancy]| :
<2 hours/dayt 101 115 1.00 5 :
=2 and <4 ¥10urs/day 234 256 1.01 0.69-1.49
=4 and <6 hours/day 155 145 1.17 0.78-1.76
=6 hours/day 149 122 1.12 0.73-1.72

Table 2—continues
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TABLE 2. Continued
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Cases Controls OR 95% Cl
Distance from television§
>6 feet 337 376 1.00
46 feet 274 238 1.20 0.93-1.54
<4 feet 17 12 1.89 0.79-4.50
Sewing machine
Never used} 441 397 1.00
Ever used 198 242 0.76 0.59-0.98
< Weekly or <3 months 151 178 0.79 0.59-1.04
= Weekly for =3 months 47 64 0.70 0.46-1.05
Personal computer
Never used? 463 456 1.00
Ever used 177 184 1.05 0.79-1.38
<30 minutes/day 39 36 1.17 0.71-1.95
=30 minutes/day and <4 hours/day 59 78 0.79 0.53-1.18
=4 hours/day 78 68 1.29 0.88-1.91
Heating and cooling appliances
Ceiling fan
Never used¥ 481 462 1.00
Ever used 159 178 0.85 0.64-1.14
< Daily or <3 months 96 123 0.73 0.52-1.03
Daily for =3 months 63 55 1.09 0.73-1.65
Electric heat$
Nonet 443 451 1.00
Secondary source of heat 13 18 0.60 0.26-1.38
Primary source of heat 71 66 1.17 0.79-1.73
Missing 113 105
Air conditioning$
Nonet 183 170 1.00
Window only 167 180 0.98 0.69-1.39
Central 182 186 1.37 0.93-2.04
Missing 108 104

T Adjusted for child’s gender, household income at the reference date, and maternal education.

 Referent category.

§ Use of electric stoves, air conditioning, and electric heat during pregnancy (in main pregnancy residence); data collected during telephone interview on residential

history.
Il Adjusted for distance from television.
9 Adjusted for time spent watching television.

relation with duration in years of use, since the highest
odds ratios were seen for less than 1 year of use. Trend

_evaluation was not persuasive for video games connected

to television and cutling irons. These results did not
materially change when we examined the effects within
three age strata (data not shown). There was no material
association between acute lymphoblastic leukemia and

TABLE 3. Responses by Case and Control Mothers to
Questions about Any Use of Electric Blanket during Index
Pregnancy in CCG Telephone and NCI In-Person Inter-
view*

Response to CCG Questionnaire

Yes No
Response to NCI Response to NCI
Questionnaire Questionnaire

Yes No % Agreement Yes No % Agreement

Case mothers 74 28 72 21 635 97
Control mothers 44 24 65 14 595 98

* Excludes 17 cases and 10 controls who answered “Don’t know” to first ques-
tionnaire.

the “red herring” variables, night lights and stereo sys-
tems without headsets (Table 4).

We also assessed the association between acute lym-
phoblastic leukemia and an estimate of the total lifetime
hours that the child was exposed to an electric blanket
during pregnancy and childhood and found no evidence
for dose-response trends. The strongest association was
found in the lowest exposure group (OR for <100 hours
during their lifetime = 2.15; 95% CI = 1.06-4.36; OR
for 100—-600 lifetime hours = 1.50; 95% CI = 0.83-
2.70; OR for =600 lifetime hours = 1.78; 95% CI =
1.03-3.08).

We found little evidence for dose-tesponse trends
among the exposed when we examined the results ac-
cording to children’s frequency of use of appliances (data
not shown). Four appliances (electric blankets, hair dry-
ers, microwave ovens, and video games connected to
televisions) did show an increased risk in the highest use
category, but these risks were not substantially different
from those that were calculated based on ever- vs never-
use of the appliances. There was no important associa-
tion between acute lymphoblastic leukemia and the
highest reported frequency of use for water beds, humid-
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TABLE 4. Distribution of Cases and Controls by Use of Appliances during Childhood and Odds Ratios' and 95%

Confidence Intervals from Matched Analyses

Cases Controls OR 95% C1
Bedroom appliances
Electric blanket/mattress pad
Never used¥ 593 619 1.00
Ever used 45 19 2.75 1.52-4.98
<1 year 10 3 5.45 1.14-26.06
1-2 years 18 9 2.19 0.95-5.05
=3 years 17 7 2.63 1.05-6.59
Water bed
Never used} 522 539 1.00
Ever used 118 99 1.19 0.87-1.62
<1 year 23 18 122 0.61-2.44
1-2 years 52 44 1.17 0.74-1.84
=3 years Q2 37 115 0.70-1.92
Humidifier
Never used¥ 346 349 1.00
Ever used 294 289 1.04 0.82-1.31
<1 year 40 34 1.20 0.70-2.07
1-2 years 116 115 1.03 0.75-1.43
=3 years 135 139 0.99 0.72-1.35
Bedside electric clock
Not used during reference yeart 458 461 1.00
Digital 95 85 1.20 0.83-1.76
Dial 14 8 1.69 0.61-4.65
Night light
Never usedt 227 193 1.00
Ever used 413 445 0.81 0.63-1.04
<1 year 40 25 1.65 0.91-3.01
1-2 years 134 152 0.75 0.54-1.04
=3 years 234 268 0.77 0.57-1.03
Personal care appliances
Hair dryer
Never used$ 374 416 1.00
Ever used 266 221 1.55 1.18-2.05
<1 year 33 16 2.50 1.28-4.817
1-2 years 127 110 1.41 1.02-1.96
=3 years 106 95 1.54 1.02-2.30
Curling iron§
Never used 176 183 1.00
Ever used 93 78 1.74 0.91-3.31
<1 year 21 16 1.50 0.53-4.23
1-2 years 4] 39 1.47 0.68-3.15
=3 years 31 23 3.56 1.05-12.12
Entertainment appliances
Stereo system
Never used¥ 189 176 1.00
Ever used 451 462 0.84 0.65-1.08
<1 year 32 31 0.82 0.45-1.49
1-2 years 150 147 0.86 0.61-1.20
=3 years 269 284 0.83 0.62-1.11
Sound system with headset||
Never used? 407 412 1.00
Ever used 164 143 1.34 0.97-1.84
<1 year 44 48 0.94 0.58-1.53
1-2 years 82 76 140 0.94-2.09
=3 years 37 19 3.04 1.48-6.26
Video arcade machine9
Never used 215 250 1.00
Ever used 251 213 1.66 1.18-2.33
<1 year 42 51 1.10 0.66-1.82
1-2 years 115 101 1.70 1.14-2.54
=3 years 92 60 2.78 1.64-4.72
Video games connected to television
Never used? 215 261 1.00 ’
Ever used 253 203 191 1.36-2.68
‘<1 year 35 39 1.31 0.73-2.35
1-2 years 154 113 2.04 1.40-2.98
=3 years 64 50 2.36 1.314.25

Table 4—continues
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TABLE 4. Continued

APPLIANCE USE AND CHILDHOOD LEUKEMIA 241

e N S Lt

Cases Controls OR 95% CI
Personal computerf|
Never usedf 384 368 1.00
Ever used 188 186 1.20 0.83-1.73
<1 year 27 23 1.55 0.80-2.99
1-2 years 100 92 1.17 0.79-1.75
=3 years 60 70 0.93 0.53-1.66
Kitchen appliances
Microwave oven
Never usedf 198 220 1.00
Ever used 374 335 1.33 0.99-1.79
<1 year 24 25 0.85 0.43-1.66
1-2 years 152 108 1.59 1.10-2.31
=3 years 197 201 1.30 0.92-1.83
Electric stove#
Not 293 270 1.00
Yes 345 365 0.90 0.69-1.16
Heating/cooling appliances
Air conditioning#
None# 200 185 1.00
Window only 211 204 1.01 0.74-1.37
Central 226 245 1.08 0.76-1.53
Electric heat#
Nonef 540 524 1.00
Secondary source 25 24 1.09 0.60-1.99
Primary source 70 85 0.81 0.57-1.16

T Adjusted for child’s gender, household income ar the reference date, and maternal education.

¥ Referent category.

§ Females 2 years of age and older at the reference date.
| Subjects 2 years of age and older at the reference date.
9 Subjects 3 years of age and older at the reference date.

# Data taken from lifetime residential history, not from interview on electrical appliances.

ifiers, curling irons, stereo systems, sound systems with
headsets, video arcade machines, or petsonal computers.

Risks rose with increasing time spent watching tele-
vision, and for the combined time spent watching tele-
vision and playing video games connected to television,
but there was no meaningful trend in risk with increas-
ing frequency of playing video games alone (Table 5).
Because the amount of time children spend watching
television may change with age, and because of the lag
in time between interviewing cases and controls, we also
controlled for age at interview but found little difference
in the results (OR = 2.46 for =6 hours per day). There
were slightly elevated risks among children sitting
within 6 feet of the television compared with those
sitting 6 or more feet away, but the odds ratios were
similar for those who reported a usual distance of less
than 4 feet, and 4—6 feet. There was no clear pattern of
increasing risk with decreasing distance when we exam-
ined the effects of time spent watching television and
distance from the television jointly (Table 6). The few
subjects who primarily watched black and white televi-
sions did not have higher risks compared with those who
most often watched color televisions (data not shown).
In addition, we found little difference in acute lympho-
blastic Jeukemia risk according to the age or size of the
television (data not shown).

For most appliances, we found no evidence of con-
founding or effect modification by subject or family
characteristics. We found similar patterns of risk when

the data were stratified by the number of months that
had elapsed between the reference date and interview,
and adjustment for this variable in logistic models had
little effect. There was also no evidence that increases in
risk were primarily attributable to use very close in time
to the reference date. We found no consistent difference
in effect estimates for electric blankets, water beds, tele-
visions, video games, or hair dryers among subjects with
different levels of summary measured residential mag-
netic fields (data not shown). There was also no discern-
ible pattern of differences in risk according to immuno-
phenotype category of the cases, although small numbers
in some categories limited the assessment (data not
shown).

Discussion
INDIVIDUAL APPLIANCES
Electric Blankets

Prolonged and relatively high exposure to magnetic
fields can result from use of electric blankets.!”18 In
contrast to the median magnetic flux density of 0.065
pT measured in homes in our study,? the average level of
magnetic fields from electric blankets. is about 2.2 T,
with considerably lower levels for most blankets manu-
factured after 1989.192° We did not collect data on the
year of purchase of the electric blanket. Because only 3%

of the mothers who reported using electric blankets gave
birth to their index child after 1989 and 14% of children
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trols by Children’s Patterns of Television and Video Game Use during the
onfidence Intervals from Matched Analyses

Appliance Cases Controls OR 95% CI
Video games connected to television¥
Never used$ 215 261 1.00
< Weekly or <10 minutes/day 99 79 1.84 1.22-2.78
10-59 minutes/day 68 57 L7 1.10-2.82
=60 minutes/day 5 64 1.87 1.13-3.10
Television
Time spent watching during reference yeat]|
<2 hours/day§t 84 108 1.00
=) and <4 hours/day 202 2517 0.98 0.65-1.46
=4 and <6 hours/day 171 163 1.38 0.89-2.14
=6 hours/day 178 109 2.39 1.50-3.80
Distance from television¥
>6 feet 90 125 1.00
=4 and =6 feet 363 348 L.71 1.20-2.44
<4 feet 166 142 1.60 1.08-2.37
Television and video games combined
<2 hours/dayt#,§ 139 190 1.00
=2 and <4 hours/day 172 178 1.43 1.02-1.99
=4 and <6 hours/day 142 136 1.49 1.03-2.16
=6 hours/day 172 114 231 1.60-3.34

t Adjusted for child’s gender, household income at the reference date, and maternal education.

1 Subjects 3 years of age and older at the reference date.

§ Referent category.

| Adjusted for distance from the television.

9 Adjusted for time spent watching television. .

# Children who watched television at =6 feet included in reference category.

who used electric blankets first used them in 1990 or
Jater, most of the blankets used were likely to have been
old-style. The lack of dose-response effects for electric
blanket use during pregnancy, childhood, or using an
estimate of lifetime exposure implies that the associa-
tions found may not reflect magnetic field exposures
from electric blankets.

Water Beds

As in previous studies, we found no meaningful associ-
ation between the risk of acute lymphoblastic leukemia
and use of electrically heated water beds during either
pregnancy or childhood. Water bed heaters produce
lower magnetic fields than electric blankets but are used
throughout the year; however, the strength of magnetic
fields from water beds depends upon the position of the
heater.!8

Hair Dryers and Curling Irons
Magnetic fields from hair dryers can range between
0.100 and 70.0 uT within 6 inches of the electric
motor.2° Childhood use of hair dryers at least weekly was
associated with an increased risk of childhood leukemia
in one® of two® earlier reports. In our data, there was
also an increased risk with postnatal use of hair dryers,
but no evidence of dose-response relation, with the
largest effect observed in children who had used them
for less than 1 year. —
Curling irons contain only a heating element but no
motor and therefore may produce magnetic fields con-
siderably lower than those of hair dryers, a conclusion
supported by a limited number of measurements.” We
found no evidence of increasing risk with increasing
frequency of use during the reference year (data not

TABLE 6. Association of Childhood Acute Lymphoblastic Leukemia and Reported Time Spent Watching Television and
Distance from the Television by the Child during the Reference Year*®

Distance from Television (feet)

=6 4-6 <4
Time Watched
(Hours) OR 95% C1 OR 95% C1 OR 95% CI
<2 1.00% 1.49 0.62-3.56 213 0.69-6.60
2to =4 0.59 0.25-1.43 2.14 0.96-4.75 1.33 0.57-3.10
4 to =6- 1.92 0.72-5.07 2.23 0.96-5.17 231 0.94-5.69
=6 4.67 1.64-13.36 3.40 1.47-1.89 4.39 1.75-11.04

* Odds ratios and 95% confidence intervals, from matched analysis.
¥ Adjusted for income, maternal education, and gender.
# Referent category,. based on 14 cases and 22 controls.
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shown), and there also was no clear-cut trend for dura-
tion in years of use within exposed subjects.

Televisions, Video Games Connected to Televisions, Video
Games in Arcades, and Personal Computers

Magnetic fields can range up to 2.0 uT very near the
television, but levels beyond 3-4 feet are generally in-
distinguishable from background magnetic field levels.2?
Color televisions tend to have higher magnetic fields
than those from black and white units.2! Viewing black
and white, but not color, television was associated with
an elevated risk of childhood leukemia in the Los An-
geles study; however, no detail was provided on risks
according to the amount of time watched or the usual
distance between the child and the television.* Televi-
sions wete not evaluated in the Denver study.®

The associations we found for time children spent
watching television, as well as for use of video games
connected to televisions, combined television and video
game use, and video machine use in arcades were present
across age and sex categories. The effect that we ob-
served for number of hours of television watched per day
was similar regardless of the distance from the television,
implying that magnetic fields are unlikely to be a causal
factor.

No published data on magnetic field levels from video
arcade machines is available. Two studies that measured
magnetic fields at a distance of 50 cm (20 inches) from
seven video display terminals found an average field of
0.08 uT.222 Previous studies of childhood leukemia
have not examined risks associated with the use of
computers.*® Computer use was rare in our study (8% of
controls reported 30 or more minutes of computer use
per day) and was not associated with acute lymphoblas-
tic leukemia.

Other Appliances

The small increase in risk for children’s use of micro-
wave ovens, which have measurable 60-Hertz fields at a
distance of several feet,” was not accompanied by a
dose-response pattern with increasing number of years
used. A true effect of microwave ovens would be con-
sistent with a peak-exposure rather than time-weighted-
average effect, because children are not likely to stand
next to an operating microwave oven for long periods.
Although the use of stereo or sound systems with head-
sets was associated with increased risk of acute lympho-
blastic leukemia, and there seemed to be a dose-response
effect for increasing years of use, we observed a higher
risk for intermittent use during the reference year than
for regular use. The reduced risk associated with the use
of sewing machines during pregnancy is also inconsistent
with a causal effect of magnetic fields, since sewing ma-
chines have rather high magnetic field levels,”® and the
uset’s abdomen would usually be quite close to the motor.

INTERPRETATION OF FINDINGS

Interpretation of the interview data on appliance use
should take into account findings from the magnetic
field measurement and wire coding components of the
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study.” We found little evidence for an association be-
tween measured summary time-weighted-average expo-
sure to power frequency magnetic fields or wire codes
and an increased risk of acute lymphoblastic leukemia.’
Our study is the largest to date, covered a nine-state
geographic area, had the same eligibility requirements
for cases and controls, and took measurements closer in
time to diagnosis than in previous studies. Assessment
for the power line component of the study, although
retrospective, was based on measurements of magnetic
fields and wire coding of homes that children resided in
for a large proportion of their lifetime, whereas assess-
ment of appliance exposures was derived solely from
retrospective interviews. For all appliances, exposure
drops precipitously with distance and usually affects only
part of the body. In contrast, exposure from residential
power lines is continuous, daily, and nearly uniform to
the whole body.

Qur effort to obtain appliance exposure, although
more extensive than in past studies, was still far from
complete. No measurement was taken of magnetic fields
associated with the actual appliances used, although
there are substantial variations in magnetic fields among
appliances of the same type.’? We did not collect
detailed lifetime histories of use or information on the
subject’s distance from the appliance (except for televi-
sion watching). We also did not distinguish between
radiant electric heat, which may be associated with
relatively high magnetic fields, and other sources of
electric heat. Different appliances can give evidence
about different metrics; for example, hair dryers and
microwave ovens may contribute to peak exposures but
not to time-weighted average, because they are used for
short periods of time.?* Thus, even if our study could
elicit accurate reporting of appliance use, there would be
uncertainty regarding the actual exposures experienced
by the child and the proper metric.

Reporting Bias
Reports about one’s own or one’s child’s typical behavior
several years earlier are prone to error, particularly be-
cause behavior patterns change rapidly with age. The
respondent’s report may reflect habits from another year
or another child in the family. To the extent the errors
are nondifferential, affecting cases and controls equally,
they tend to reduce the apparent association between
exposures and disease? and to distort dose-response pat-
terns. In this setting, however, these errors may be
differential, thereby possibly exaggerating case-control
differences. For example, many mothers may not report
accurately the amount of television their children
watched before diagnosis if television viewing patterns
changed after diagnosis. Thus, differential misclassifica-
tion may explain some of the effect found for television
if mothers focused on exposure at the time of interview
rather than during the reference year and cases watched
more television after the diagnosis of acute lymphoblas-
tic leukemia as a result of their illness and treatment.
A second mechanism that could lead to differential
misclassification is “rumination bias.” A mother whose
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child has suffered from a life-threatening disease may
recall exposures occurring several years earlier as she
tries to identify some specific action that led to the
illness. Among all the appliances covered in the inter-
view, electric blankets may be the most prone to rumi-
nation bias, because they have been most frequently
cited by the media as having high magnetic fields. Al-
though we did find evidence of inconsistency in moth-
ers’ reports of use of electric blankets between the first
and second interviews, it was similar for cases and con-
trols (Table 3). We were unable to evaluate the consis-
tency in responses for children’s use of electric blankets,
because the two questionnaires referred to different time
periods; however, even moderate differential misclassifi-
cation with a low prevalence of use by children (7.1% of
cases and 3.0% of controls) could result in substantially
biased estimates of effect. We did not find any increased
risks for the appliances that were included as “red her-
rings” (ceiling fans, night lights, and stereo systems),
which might argue against differential misclassification
as a major factor.

Selection Bias

The use of random digit dialing to select controls may
have resulted in the selection of fewer children from
families with closely spaced births, which may partially
explain the higher socioeconomic status of the control
families in our study.?® Factors associated with the par-
ticipation of controls may also have created some bias in
our findings. We compared occupation, education, and
income levels of 97 parents of controls who participated
in the initial CCG interview but refused to participate
subsequently (N = 83) or could not be located (N = 14)
with those of the 699 controls who did complete the
second interview. The nonparticipants tended to be
characterized by low socioeconomic status (for example,
26% reported incomes of less than $20,000 compared
with 13% of participating controls). A similar pattern
was seen for educational level and type of occupation of
the parents.

Socioeconomic status was inversely related to the use
of many appliances in our data (for example, 23% of
mothers with a high school education or less reported
that their children watched more than 6 hours of tele-
vision per day, in contrast to 8% of mothers who com-
pleted at least 4 years of college). Television viewing was
also strongly inversely related to income level. Although
adjustment for socioeconomic and life-style differences
between cases and controls did not affect the results, it
seems likely that control for socioeconomic status was
not complete and may have contributed to the elevated
risks for some appliances.

Random Variation

When a battery of factors is used to assess a single
hypothesis, as in our study, individual elements cannot
be looked at in isolation. Random variation makes the
likelihood of a positive finding for at least one element
of the battery greater than for a single factor.
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Life-Style/Confounding/Time Trends

We have focused on the risk associated with appliances
because of their emissions of magnetic fields. Other
explanations of a hypothetical causal relation between
an individual appliance and risk may be equally or even
more credible than magnetic fields. Families in which
children watch many hours of television per day may
differ behaviorally and in other ways from families in
which little television is watched. For example, time
spent watching television was reported to be a strong
predictor of obesity during adolescence in the National
Health Examination Survey.?’ Likewise, characteristics
of families in which the mother sews during pregnancy
may suggest life-style factors related to a reduced risk of
acute lymphoblastic leukemia.

If there were a causal connection between watching
television and acute lymphoblastic leukemia, the wide-
spread increase in television viewing around the world
from the 1950s through the present time should have
caused a large increase in the incidence of childhood
Jeukemia in developed countries. The proportion of U.S.
households with television sets increased from 9% in
1950 to 95% in 1970%; however, childhood leukemia
rates have not increased dramatically during the last five
decades, nor are leukemia rates increasing in all devel-
oped countries with increasing use of television.?**

Conclusion

Drawing a clear conclusion is hindered by the possibility
that responses of case mothers may reflect changed be-
havior in children after diagnosis of acute lymphoblastic
leukemia and other sources of differential recall, the
potential for selection bias, and numerous inconsisten-
cies in the results. Although not impossible, we think
that a causal relation between magnetic fields from the
appliances and acute lymphoblastic leukemia is unlikely,
particularly in view of the failure to link measured mag-
netic fields in residences to leukemia in several studies,
including our own, and our negative findings on wire
codes.? We do not wish to dismiss the associations ob-
served for certain electrical appliances out of hand, and
accordingly, we are studying whether some aspects of
measured magnetic fields associated with television sets,
stereo systems with headsets, or other appliances could
explain the elevated acute lymphoblastic leukemia risks
of the magnitude reported.
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